The title compound 1 was synthesized as reaction product of pentacarbonyl iron with 2-ethylimidazole. A Zerewitinoff-determination shows that we are rather dealing with hydrido-tetracarbonylferrate (-II) 
Introduction
On the basis of analytical data, of the redox bal ance, of a structure analysis, and of Mössbauer data obtained at RT, the reaction product of pentacarbonyl-iron with dried 2 -ethylimidazole originally has been characterized as hexa(2-ethylimidazole)iron-(Il)-tetracarbonylferrate(-I) [1] . In the meantime Krusic et al. [2, 3] By these findings we were motivated to reinvesti gate the structure of 1 , and to compare the obtained results with those of tetraethylammonium-(2 [4] ) and bistriphenylphosphaniminium-hydridotetracarbonylferrate (3 [5] ). Molecular orbital (MO) calcula tions on [H Fe(C O )4]~ have been carried out to de rive electric field gradient tensors, which are used for the M össbauer lineshape analysis.
W e found dramatic changes of line intensities and quadrupole splittings when increasing the tem pera ture above 200 K. We reinvestigated this behavior in greater detail and found, that (i) we are actually con cerned with [FeIm6] [H Fe(CO )4]2, and (ii) mainly low tem perature dynamics within the anion are respon sible for our observations.
Relaxation phenom ena which are associated with the vibrational or diffusional behavior of M össbauer atom s have been described theoretically earlier [6 , 7] , and have been observed recently also in biomolecules [8 , 9] , in polymers [10] , and in metals [11 -14] , We believe that the present study may serve as a model for related investigations, since (i) the various stochastic substates of [H Fe(CO )4]~ are explicitly known from our X-ray work, (ii) the ex plicit electric field gradient tensors for the various stochastic substates are known from our MO calcula tions, and therefore (iii) the theoretical lineshape analysis of our experimental Mössbauer spectra is unambiguous.
Analytical Procedure
The reaction of 1 with a solution of CFLMgl in nbutylether yielded methane, and additionally carbon m onoxide. The latter we were able to separate by keeping the gas mixture for 2 days in close contact with a solution of potassium-tetrachloropalladinate(II). (All reactions were carried out in a vacuum -tight system. Before pumping the gas, the solu tion was cooled down below its freezing point.) The analytical results of 1 and of bistriphenvlphosphanim inium -hydridotetracarbonylferrate (3) (which we prepared according to [5] ) are summarized in Table I . The test portions given in Table I were reacted with 10 ml of a 1-molar solution of CFLMgl in anisole (c = 1.25 mol/1).
Crystal Structure Analysis of lFeIm6][HFe(CO)4]2 (1)
A single crystal of 1, sealed in a capillary ( 0 = 0.3 mm, thickness 0.01 mm) under N2 atm os phere, was m easured on a Philips-diffractometer (PW 1100) at 298 K and 225 K, respectively. Crystal and m ethod are characterized as follows: The reflex profiles were analyzed according to the m ethod of Lehm ann -Larson [15] . Since the meas ured intensities showed deviations from symmetry R 3 [1] , symmetrically equivalent reflexes have been averaged under the assumption, that the space group P I is appropriate.
The lattice constants have been derived from 24 reflexes to be: Since we want to describe the properties of hydrido-tetracarbonylferrate(-I) in this paper only, we refer to a forthcoming paper [16] on the detailed structural data of 1. Com paring our results with those reported by Smith et al. [17] we find that the bond distances F e -C and C -O of our compound are similar to the published values, the bond angles, however, are sig nificantly different. This has to do with the fact that our com pound is distorted in a specific way due to 
Experim ental M össbauer Results
In Fig. 3 we show the experimental Mössbauer spectra of 1 at 288.7 K and 4.2 K, respectively. From the fits of these spectra using Lorentzian lines we derived isomer shifts d and quadrupole splittings In the following we concentrate our discussion on the properties of the anion only in the title com pound 1 , because it exhibits peculiar tem peraturedependent behavior, while the spectra of 2 and 3 indicate only that therm al decomposition takes place above ca. 300 K.
Increasing the tem perature from 4.2 K to room tem perature has dramatic influence upon the sub- Fe(anion) is 1:2. The reason for this drastic discre pancy lies in the considerable difference of the tem perature behavior of the two Lam b-M össbauer fac tors f(cation) and f(anion). In Fig. 5 we show the measured tem perature dependence of the spectral intensities for the two iron sites, and for com pari son curves which have been derived using the Debye model. Below the tem perature interval 180 K < T < 210 K, within which the transition of the anion iron occurs, the two iron sites are charac terized by Debye tem peratures #D(cation) = 180 K and 0D(anion) = 150 K, respectively. Above this tem perature interval the cation iron is characterized by 0D(cation) = 115 K, while the anion iron is characterized by #D(anion) = 70 K, only.
Electric Field Gradient Tensor
On the basis of our X-ray structure results we per formed MO calculations [18] for the three equivalent molecular configurations (stochastic substates) of [H Fe(CO )4]_ as shown in Fig. 1 . From these calcula tions we derived three electric field gradient (efg) tensors at the iron site, the main axes systems of which differ from each other in orientation (Fig. 6 ) while the absolute value of the main efg component Vfi and the asymmetry param eter [r\ = 0.90) remain constant. At elevated tem perature the observed col lapse of line splitting results from the efg relaxation which corresponds to jumps of the "disordered" fourth CO-group between the three equivalent sites. The displacement body which is formed by these sites is triangular. Since the H-atom is invisible with in our X-ray study, we assume that the hydrogen follows the jumps of the carbonyl group, however, it jumps on a smaller triangle. For the Fe-atom we as sume a corresponding jump behavior, and with each jum p it is subjected to a change in the efg. The order of magnitude for the jum p distance d of iron (Fig. 6) can be estim ated from the mean square displace m ent, which results from our X-ray study; it takes a value V i r = 0.25 Ä to 0.31 Ä, depending on tem perature.
We want to point out that the calculated main axes system of the efg tensor keeps its orientation within about 5 degrees, irrespective whether the iron is di placed from the origin of the yz-plane of Fig. 6 or not, however, the component of the efg tensor changes its numerical value considerably, depending on the type of displacement the iron undergoes. Com paring experim ental and calculated quadrupole splittings which are summarized in Table III, 
Mössbauer Lineshape Analysis
In the literature several m ethods have been de scribed [13, [19] [20] [21] [22] [23] [24] [25] to determ ine the Mössbauer lineshape under relaxation conditions. We follow B lum e's formalism [19] and evaluate the lineshape analytically for our specific example according to the procedure given in the appendix.
Fitting the experim ental M össbauer spectra with the analytical lineshape formula (examples for four different tem peratures are shown in Fig. 7 ) yields information about the jump distance d of the iron atom , about the L am b-M össbauer-factor f, about the jum p probability W, and about the (quadrupole) coupling constant q. In Figs. 8 , 9 , 10, and 11 we have plotted d, In f, log W, and q versus tem perature.
The jum p distance of the Fe nucleus turns out to be in the range 0.25 Ä to 0.35 Ä. This value is in agreem ent with the corresponding uncertainty region of the Fe atom of about 0.25 Ä at 225 K and 0.30 Ä at 298 K, as detected by our X-ray analysis, and also with the displacement of the Fe atom (from the ori- The derivation of this form ula originally has been given by Blume [19] . H ere we only specify those quantities which we need for the further discussion of the present subject:
stochastic substates, which refer to the three possible positions of the Fe atom on the triangular displacement body (" Fig. 6 ). vector which relates a and b; |r ab|= d is the jum p distance of the Fe atom on the triangu lar displacem ent body (Fig. 6) . nuclear quadrupole Ham iltonian; includes the main com ponent of the efg tensor V.4(j) and the asymmetry param eter ?/(j), which have been determ ined by MO calculations for the three stochastic substates j = 1, 2, 3 (Fig-6) .
elkrab: describes the phase-shift in the y-wave caused by a jum p of the Fe-atom between stochastic substates a and b during resonance absorption.
Since we investigate polycrystalline material we have to average all angular dependent parts in (A l) over k-directions. The average requires the perform ance of the following integrals
with 6 and a being the polar and azimuthal angles of the k-direction. These integrals were evaluated analytically [26] . The inversion of the 12 x 12 matrix which appears in (A l) was perform ed with the algebraic computer system R E D U C E [27] 12 transition probability between stochastic sub states; since in our model the three positions of the Fe atom are equivalent, Pa (the a priori probability to find the system in the stochastic state a) takes the value 1/3 for all a, and hence we have the same W for all transitions between stochastic substates.
We have fitted our experim ental M össbauer spec tra with the lineshape formula in the thin absorber approxim ation. The transmission integral could then also be solved analytically; thus, for the velocity de pendent lineshape for r source = r absorber = r, we ob tain:
The left-right-symmetry in (A 4) is not visible in our m easured spectra, because of the relatively small value of d, and because of the large value of r\.
A detailed interpretation of (A 4) which goes be yond the purpose of our present study will be pub lished elsewhere [28] .
